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Introduction
The process through which monetary policy decisions are transmitted to financial markets has changed significantly in recent years. The well-established secrecy and closed-door decisions gradually led the way to greater transparency, providing clearer communication to financial markets and the public regarding the Fed's objectives. In February 1994, the Federal Open Market Committee (FOMC) began to issue a public statement whenever it increased or decreased its target for the federal funds rate. While FOMC decisions were made in terms of a funds rate target in earlier years, these decisions were communicated to the market in a less explicit way through the activities of the Trading Desk at the Federal Reserve Bank of New York. In particular, the Trading Desk would "signal" a policy change by buying and selling securities so that conditions in the federal funds market would be consistent with an average federal funds rate near this target. With the new policy, when the FOMC announces changes in the target, the market reacts immediately, sometimes even before any open market operations take place to alter the supply of reserve balances. Following the terminology introduced by Guthrie and Wright (2000) , this phenomenon is now commonly referred as "open mouth operations" in the literature.
The anticipation effect highlights the rising role of expectations due to institutional developments in the FOMC policy making that gave way to enhanced transparency and gradualism in policy decisions. The argument is that by becoming less secretive and more predictable, the Federal Reserve has gained the ability to influence interest rates prior to the announcement of the actual policy decision, and before the reserve balances are altered (i.e. prior to the complementary open market operations associated with the policy decision take place). Note that the focus here is different than the so called "announcement effect" which concentrates on interest rate adjustments after a policy announcement or associated operation. Yet, the two effects are interdependent because larger interest rate adjustments prior to a policy action imply fewer adjustments afterwards. In other words, when market rates respond to anticipated policy actions prior to a policy change, they only respond to the unanticipated component following the announcement. In that respect, the establishment of the anticipation effect reduces the announcement effect of each policy action.
The anticipation effect mechanism derives its power from the establishment of credibility in the implementation of monetary policy. As the public and the markets establish faith in the monetary system, the Fed gains a better control of interest rates, not only by adjusting reserve pressures now, but also by signaling what it will do in the future. This is especially critical when it is viewed against the historical developments in the economy, which drastically improved the role of expectations in the monetary transmission mechanism. Over the last decade, the process of credit creation has moved increasingly out of the banking sector, over which the Fed has considerable direct power, into the financial markets, which it has much less ability to influence, except through expectations (see Mayer (2001) for a historical development of the Federal Reserve System). In that respect, the Fed has restored its ability to control credit markets, first by communicating its policy targets immediately and unambiguously, and second by establishing reliability regarding its long-term commitments to those targets.
Recently, the usefulness the anticipation effect has been carried to a new level as an effective policy tool, once the policy rate hits the zero nominal bound. In fact, at a time with relatively low nominal interest rates among most industrialized economies, policy makers are concerned about exhausting their potentials to stimulate the economy through interest rate adjustments. Under these circumstances, the anticipation effect emerges as a unique tool that can stimulate the economy by manipulating the term structure. Once nominal interest rate reaches the zero bound, if the policy makers can convince the public that monetary policy will remain expansionary for a longer period of time, expected future nominal short-term interest rates go down. This reduces current longer-term nominal interest rates, and stimulates aggregate demand (see Meyer (2001a) ).
The specific operational change we emphasize in this paper is described in Meulendyke (1998) as: "A move to announce FOMC policy decisions on the day they were made began as an experiment in 1994. The approach was formalized in 1995." (p. 55). However, there is also reason to believe that the announcement effect had played a role even before 1994. In a cover note to a memorandum to the FOMC --dated August 14, 1991, Donald Kohn refers to the FOMC members' concerns regarding the instability caused by interest rate fluctuations following each policy change. He points out the goal towards implementing more gradual interest rate adjustments (thereby reducing the announcement effect) in the following lines: "In their discussion, Committee members seem to have been motivated by two related objectives. One was to reduce the "announcement effect" of each change in policy. [.. 
.]"
The anticipation effect has significant implications in the way that the policy is conducted, in the way we test for the liquidity effect, and in our understanding of the term structure of interest rates. This paper investigates the theoretical foundations of the anticipation effect and documents empirical evidence of the anticipation effect as early as 1989, when the federal funds futures market was established.
Several recent papers provide important background material and consider the announcement effect a serious policy issue. Guthrie and Wright (2000) In this paper, we attempt to reconcile and expand the earlier literature on the liquidity effect and overcome some of the shortcomings apparent in the previous studies.
First, we elaborate on the model proposed by Taylor (2001) , and analyze the properties of the equilibrium in the reserves market prior to an announcement, on the day of an announcement, and following the announcement over a given maintenance period. We analyze the testable implications derived from this analysis using daily data on interest rates, open market operations, and daily operating balances for the U.S. market. In their empirical analysis, Guthrie and Wright (2000) treat each policy announcement as a surprise in itself. While this approach may be suitable for the way in which monetary policy is implemented in New Zealand, such an assumption is not realistic for the U.S.
where the market widely anticipates future policy actions and acts accordingly. For that reason, we use a more complex methodology to separate policy announcements into the expected and surprise components --an extension of the technique described by Kuttner (2001) based on federal funds futures contracts.
The remainder of the paper is organized as follows: Section 2 provides a brief historical background on the institutional changes in the direction of transparency in the past couple of decades. Section 3 discusses the theoretical framework that allows us to analyze the anticipation and the announcement effects, based on Taylor (2001). Section 4 describes the methodology that we use to assess market's expectations of policy changes. Section 5 presents the empirical analysis, which provides new empirical evidence in favor of the anticipation effect. Section 6 concludes.
A Historical Outlook at the U.S. Market
In this section, we briefly go over the historical developments that have contributed to improved predictability of policy changes in the U.S. market, and discuss the circumstances that gave rise to these factors. Readers who are familiar with the history of U.S. monetary policy can skip this section and continue with section 3.
In the past, central banks around the world tended to operate with considerable secrecy. The need for and the appropriateness of such secrecy was nearly unquestioned.
Nevertheless, the Federal Reserve and other central banks have moved away from this secrecy and towards transparency in recent years. February 1994 can be viewed as a major landmark in the path towards transparency when the FOMC adopted the practice of announcing changes in its policy stance and began to disclose immediately the expected federal funds rate. In subsequent FOMC meetings, when no policy action had been taken, no formal announcement followed. However, in the absence of a policy action, the media were informed that the meeting had ended and that there would be no further announcements. Though these steps elucidated the current stance of monetary policy, the Committee recognized that it could further enhance the transparency of its actions by providing indications of factors that might affect the future direction of policy. The idea was that by providing more information about the Committee's views, financial markets could better comprehend future stance of monetary policy. When the stance of policy changed, the statement disclosing the action was used to provide an indication of the factors likely to influence the Committee's future decisions. Such information, however, was not provided when the Committee decided not to change its policy since no announcement accompanied such decisions. In order to bridge this gap, the Committee decided at its December 1998 meeting to announce major shifts in its view about prospective developments even in cases when the current policy setting remained unchanged. This step toward additional disclosure was first implemented in May 1999.
Under the current procedures, which were announced in January 2000, the FOMC issues a statement to the public immediately after every meeting. The statement provides information regarding the policy stance adopted at the meeting and the Committee's view about prospective economic developments. With the new procedures, the Committee adopted new language to describe its views about the economic outlook. The language indicates the Committee's sense of the balance of risks in the outlook against the background of the Committee's long-run goals of price stability and sustainable economic growth. Specifically, it indicates whether the Committee believes that the risks are "balanced with respect to prospects for both goals," "weighted mainly toward conditions that may generate heightened inflation pressures," or "weighted mainly toward conditions that may generate economic weakness."
Motivations for Transparency
In a speech given at the National Economists Club and Society of Government Economists, Vice Chairman Roger Ferguson (2001) defines transparency as: "… being forthcoming about goals and short-term tactics and, therefore, being easily and clearly understood." According to the Vice Chairman, the main reason for the role of transparency is that, the monetary policy that is most appropriate for long-run stability and growth of an economy may not be politically popular in the short run. Transparency facilitates a broad understanding of what the central bank is doing and therefore gives the public the tools to hold the independent central bank accountable.
The second reason that transparency is important is because clarity and predictability of policy decisions enhance the effectiveness of monetary policy. If the monetary authority can be clearer about what it is doing now and can explain the risks that may influence future policy, then market participants can improve their expectations of future short rates. Moreover, less uncertainty about monetary policy may reduce the premium for uncertainty. Consequently, transparency brings the rates that matter the most for the macroeconomy into closer alignment with the intentions of monetary policymakers.
Meanwhile, even though transparency conveys expectations about the future course of policy and affects longer-term interest rates sooner, expectations can also constrain monetary policy. Forecasts can prove inaccurate simply because the economy changes unexpectedly. Governor Laurence Meyer (2001b) underlines the restrictions of transparency by noting that if policymakers convey expectations of a move at the next meeting, but the policy does not deliver that change, longer-term rates may reverse their earlier move. This highlights the delicacy in maintaining a balance between encouraging more effective policy by guiding private sector expectations while, at the same time, avoiding policy being unduly affected by the same private sector expectations.
Gradual Nature of Target Adjustments
In addition to transparency, another factor that enhanced the predictability of monetary policy in the past few decades is the gradualist approach in making target adjustments, which has been adapted as the customary type of policy over time. A recent study by Lange, Sack, and Whitesell (2001) highlights the autoregressive nature of target changes as a major factor that has improved the market's forecasting performance. The authors argue that gradualism might arise from several reasons such as an intentional strategy of the FOMC to phase in periods of tightening or easing more gradually, or it could be due to the nature of shocks hitting the economy, which may have become more serially correlated over time. The gradual nature of target changes is further formalized by Hamilton and Jordá (2000) in an empirical model (Autoregressive Conditional Hazard Model) to forecast target changes.
Policy Expectations and the Anticipation Effect
The previous section discussed the implications of transparency and gradualism in the formation of expectations in the U.S. market. It is clear that the rapid evolution of monetary policy made inevitable an updating of the textbook model of the reserves market and the liquidity effect channel, which describes the use of monetary aggregates as the only tool in controlling interest rates.
In this section, we present a theoretical model of the reserves market which integrates policy expectations in a simple textbook model and investigates the anticipation and the announcement effects.
A Daily Model of the Reserves Market

Demand for Reserves
Depository institutions hold reserves primarily for two reasons: (i) to meet legal reserve requirements, which are calculated on average over a two-week period called the maintenance period, and (ii) to facilitate interbank payments without incurring overnight overdrafts of the reserve account. Over the last several years, required reserve balances have dropped significantly (from $20 billion in 1990, to $10 billion in 1996 and to $4 billion today) due to reductions in reserve requirements (in 1990, and 1992) , and the introduction of sweep accounts (see Anderson and Raasche, 2000) . However, banks still need reserves to meet interbank payments and to meet the public's demand for currency.
Total balance requirements (or required operational balances) are the sum of required reserve balances (i.e. total required reserves less vault cash) plus required clearing balances (which is the amount contracted by the depository institutions to cover interbank payments and to offset charges for Reserve Bank services).
In formulating the daily demand for reserves over the maintenance period, Furfine (2000) highlights the role of intertemporal substitution over the maintenance period where the expectation of the next day's federal funds rate affects the demand for Fed balances today. Hamilton (1996) notes that this effect does not have to be full arbitrage, (i.e. today's funds rate moves one-to-one with expectations of tomorrow's rate) due to frictions that exist in the funds market such as transactions costs and limits on borrowing.
In addition to these factors, changes in carryover positions also affect the banking system's ability to substitute reserve holdings from one maintenance period to the next (see Clouse and Dow (2000) , Bartolini, Bertola, and Prati (2000) for more elaborate discussions on reserve management and the funds market).
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In order to analyze how expectations of a target change influence reserve demand, we investigate the maintenance period in three stages: the period before a target change, 1 Carryover provisions allow banks to apply some of the excess reserves maintained in the current maintenance period to meet reserve requirements in the subsequent period. the day of a target change, and the period after a target change. For the purposes of this paper, we restrict our attention to changes in the expected funds rate that arise from anticipated policy moves, and assume that all other daily factors which influence tomorrow's expected funds rate remain constant. While this is admittedly a restrictive assumption, it allows us to investigate the implications of an anticipated target change without influencing the qualitative nature of the discussion significantly, and without getting into a rather complicated discussion about the daily determinants of the funds rate.
Accordingly, for a target change that takes place on day t of the maintenance period, the demand for reserves can be expressed as: Based on these functional specifications for reserve demand, the change in demand from any period prior to an announcement to the day of the announcement can be computed as the difference between (1-2) and (1-1): 
Here, the first term captures the movement along the downward sloping demand curve due to daily interest rate fluctuations, whereas the second term captures the shifts in the demand schedule due to unanticipated policy changes.
In a similar way, the change in demand from the day of the announcement to the period after the announcement can be computed as [ (1- 
Notice that in the period following a target change, there are no arbitrage opportunities arising from expected target changes since 1 1 ) (
Consequently, the third term in (1-3) drops out, indicating that the demand curve shifts back to its level at the beginning of the maintenance period, once the target change is announced and all arbitrage opportunities are exploited.
Intuitively, if the market expects a target change (say a raise) to take place on day t of the maintenance period, demand for reserves rises prior to the target change, and declines after the target change. This is simply because it is more profitable for banks to meet their reserve requirements when the opportunity cost of holding reserves (i.e. overnight rate) is cheaper. In the framework of equation (1- After the Fed raises its target, the demand for reserves declines in the remainder of the maintenance period such that total reserves held over the maintenance period meets reserve requirements and any demand for excess reserves. This implies that the total increase in reserve holdings, due to an anticipated rise in the target is cut back by exactly the same amount in the remaining days of the maintenance period, as indicated in
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Supply of Reserves
The 
In this paper, we focus on the reserves market and the effects of policy expectations prior to and after a policy change that takes place on day t. If the anticipated policy action does not materialize, demand for reserves still shifts prior to the anticipated move, as specified in (1-1). However, because there is no announcement on day t, demand for reserves declines by (1-3) in the remainder of the maintenance period (i.e.
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≤ ≤ j t ).
t ρ is the federal funds rate target on day t.
Because the Trading Desk maintains the funds rate at the target level, one can argue that the expected future funds rate in a given day is equal to the expected target rate plus any forecasted deviations from the target that may exist due to institutional rigidities and calendar effects (see Hamilton (1996) ). Equation (2) recognizes that the Desk takes account of anticipated variations in daily demand and supply schedules in the reserves market and attempts to offset shocks that are expected to prevail that day.
According to equation (2), the Trading Desk makes the necessary reserve adjustments with a lag. This is because the Desk intervenes the market in the morning before most of the day's trading takes place and before the effective daily rate is even calculated. Taylor (2001) further notes that lagged reserve balances enter the reaction function with a coefficient value equal to one, indicating that it is the change in reserves but not the level of reserves that responds to the deviation between the actual rate and the target rate.
The strictness of interest rate smoothing that is adopted by the Trading Desk is captured by parameter β . Ceteris paribus, the Desk increases supply if the daily rate is above the target rate (and vice versa), proportional to the value of β , which goes up as the degree of interest rate smoothing increases. In that respect, the parameter β reflects the particular approach adopted by the manager, as a function of market conditions and policy expectations.
The time-varying nature of the parameter β can be illustrated with the following example: Suppose that the market anticipates a rise in the target to take place later in the maintenance period. As a result, the Trading Desk predicts the demand for reserves to increase prior to the target change and decline afterwards. If the Desk adopts perfect interest rate smoothing (i.e. β approaches its theoretical upper bound), it fully offsets demand pressures in order to maintain the existing target. Hence, reserves increase by an amount that is equal to the rise in demand prior to the announcement, and decline after the announcement, as the reserve need sharply declines (since most banks have already met their requirements with cheaper reserves). While perfect interest rate smoothing is a theoretically plausible scenario, Orphanides (2001) notes that strictness in interest rate smoothing may generate a fair amount of volatility in the volume of reserves in the days surrounding a target change. When the Desk is particularly concerned about generating this type volatility in the reserves market, the motivation to smooth interest rates may weaken, which reduces the value of β .
Market Equilibrium
After having established the functional relationships in which expectations enter the reserves market, our next step is to solve for the equilibrium interest rates and investigate the sensitivity of interest rates to the various parameters in the model by comparative statics analysis. However, before we go into the algebra, it is helpful to discuss the properties of the equilibrium in a graphical framework.
Figure 1 provides a graphical illustration of the reserves market. Without loss of generality, we exclude borrowed reserves from our analysis, which is consistent with increased avoidance of discount window borrowing in recent years (see Clouse (1994) ).
This simplification leaves us with a vertical supply curve that corresponds to nonborrowed reserves inelastically supplied by the Trading Desk.
In order to illustrate the way policy expectations affect the traditional liquidity effect channel, we consider three scenarios. The first scenario (shown in the first column in Table 1 ) describes the textbook liquidity effect channel. The second and the third scenarios depict the role of expectations in the reserves market. 4 The second scenario illustrates the case where the Desk is primarily concerned with maintaining the existing target level and smooths out any deviations from the target by accommodating the demand for reserves. In contrast, the third scenario considers the opposite case where the Desk does not offset deviations from the existing target and allows market rates to be determined by anticipated target changes (i.e. 0 = β ).
Suppose that at the beginning of the maintenance period, the reserves market is in equilibrium at 0 E , with the funds rate target at t ρ . Suppose further that the Fed aims to raise the target to a level such as 1 + t ρ . Under the traditional liquidity effect theory, in order to achieve this interest rate adjustment, the Desk decreases reserve supply by |AB| 4 Without loss of generality, we set the partial elasticity with respect to tomorrow's interest rate equal to one (i.e. 1 = γ ) as we describe these scenarios.
(from |OB| to |OA|). This is illustrated by a shift in the supply curve from S 0 to S 1 , which moves the equilibrium point from 0 E to E 1 , along the demand curve D 0 .
The next two scenarios investigate how the inclusion of expectations changes this picture. Imagine that at the beginning of the maintenance period the market forms its expectations and anticipates a rise in the target to take place on day t of the maintenance period. Suppose further that the expected new target is equal to:
which remains at that level until day t. Recall from equation (2) that the Desk takes account of anticipated variations in demand and attempts to offset shocks that are expected to prevail in the reserves market. If the Fed aims to maintain interest rates at the current target, the Desk's response to this increase in demand is to ease reserve pressures by increasing the supply of reserves from 0 S to 1 S (which moves the equilibrium from 0 E to 2 E ). 5 In contrast, if the Desk allows market interest rates to move with expectations, the supply of reserves remains at 0 S and the equilibrium interest rate rises to the expected target level (at 4 E ) prior to a policy move.
Under either scenario II or III, the Fed does not have any incentive to counteract demand on the day of the announcement, which brings the supply schedule to a level that corresponds to the beginning of the period level at 0 S . Meanwhile, following the announcement, the demand curve shifts up proportionally to the surprise component
, which moves the equilibrium to 3 E .
After the announcement, demand shifts back to 0 D , where the size of the leftwards shift is equal to the size of the rightwards shift that took place due to the anticipated target change. The equilibrium settles at the new target level 1 E , where the Desk decreases reserves consistent with the new target.
5 Note that the "implied" equilibrium (E 4 ) due to a demand shift occurs at e f as we set 1 = γ in this example. In general, the implied equilibrium point will be less than (but close to) e f for values of γ that are less than one. This is due to the limited adjustment rationale discussed in Taylor (2001) or Furfine (2000) . If the Desk forecasts the change in demand accurately and acts pre-emptively, the shift in supply (from S 0 to S 2 ) occurs simultaneously as the demand shifts from D 0 to D 1 . Thus, the market equilibrium shifts from E 0 to E 2 , without ever reaching the implied level at E 4 .
The Anticipation Effect and Open Market Operations
The anticipation effect and the announcement effect can be described by reviewing the interaction between interest rates and nonborrowed reserves prior to and after a target change. These changes are summarized in the last three rows of Table 1 .
Under the traditional liquidity effect channel, expectations about target changes do not enter the interest rate determination mechanism and most of the adjustment takes place only after the target change. This corresponds to a tightening in reserves by |AB|.
The anticipation effect builds upon market expectations prior to a target change.
The anticipated target raise leads to an increase in demand, which puts upward pressure on interest rates prior to the change. Depending on the degree to which the Trading Desk offsets anticipated demand, the equilibrium interest rate approaches the new target rate before the actual announcement occurs. ). In this framework, the anticipation effect has its full impact if the Fed does not accommodate demand changes and allows interest rates to adjust with expectations. This is the third scenario where the entire change in interest rates is achieved by a change in demand. Naturally, the third scenario cannot be feasible in a "repeated game" manner once the banking system incorporates the Desk's behavior in formulating their expectations. In other words, the demand for reserves would not increase prior to an anticipated target raise if the banking system realizes that the Trading Desk does not provide more funds at the cheaper rate prior to the forthcoming policy tightening. Nevertheless the alternative scenarios described in this section are still helpful in highlighting the following stylized facts:
6 Note that as γ approaches one, t f approaches e f .
i)
The volume of open market operations that are needed to maintain an existing target prior to a target change goes up with the anticipation effect channel (relative to the traditional liquidity effect channel), if the Desk chooses to counteract anticipated demand.
ii)
The volume of open market operations that are needed to enforce a target change following the announcement are identical (-|AC|) under both the liquidity effect channel and the announcement effect channels.
iii) Ceteris paribus, the anticipation effect (i.e. interest rate adjustments prior to the actual announcement) is stronger if the Desk does not counteract demand changes and allows the market rates to adjust with expectations (scenario three).
iv)
Ceteris paribus, an improvement in the accuracy of forecasts implies that the shift in demand on the day of the announcement (due to a policy surprise) is smaller (i.e. 
Formation of Expectations
In order to construct the functional specification for the expected funds rate (and hence to solve for the equilibrium interest rate), consider a simple graph of the reserves market such as the one illustrated in Figure 2 . Assume that the equilibrium point 0 E is constructed prior to the first day of the maintenance period. That is, on day 0 the market is in equilibrium at point 0 E , which is defined by the demand curve 0 D and the supply curve 0 S . Following equations (1) and (2) The above scenario can be used as a basis for the construction of expectations in a straightforward manner. In particular, we can express the slope of the demand curve as:
In a rational expectations framework, the expected funds rate is equal to the mathematical expectation of (3)
refers to the day on which expectations of the new target are formed.
In this example, expectations are formed prior to the first day of the maintenance period (i.e. day 0). Consequently, we can express this term as the difference between the forecasted target and the existing target on day 0:
. We drop the time subscript later in the text, in order to provide notational simplicity. Unless it is indicated otherwise, expectations are assumed to be formed prior to the first day of the maintenance period. 8 Figure 2 will be revisited later in the text, when anticipated and unanticipated target changes are discussed in more detail. We will leave this discussion for section 3.2, in order to keep our focus on the formation of expectations in this section.
Substituting (4) into (3) provides the reduced form solution for the expected funds rate:
Equilibrium Interest Rate prior to a Target Change
Equilibrium interest rate prior to a target change can be derived by setting (1-1) =
(2) and substituting (5) for the expected funds rate. The resulting expression for the funds rate is given by (6):
, where
Note that we define " i revision) ( " as the adjustment in the size of the expected target change on day i. In particular,
Comparative Statics based on Equation (6)
In this section, we derive comparative statics based on equation (6) and investigate the properties of market equilibrium prior to a policy move. Testable implications derived from this exercise provide the base material for the empirical analysis in section 5. In particular, first derivatives (i.e. 1,2, and 3) present direct testable implications of the anticipation effect while the second derivatives (i.e. 1.1. through 3.3) present alternative theoretical circumstances under which the anticipation effect is expected to be stronger (or weaker).
Partial Derivative
Economic Intuition
Ceteris paribus, changes in the target rate lead to subsequent changes in the funds rate in the same direction.
As the tendency to smooth interest rates increases, co-movements between today's effective rate and the existing target rate strengthens. 
Ceteris paribus, the larger are the revisions in the expected target change, the higher is the consequent adjustments in the funds rate.
As the degree of interest rate smoothing increases, movements in today's effective rate in the direction of revised expected target weaken.
As the partial interest elasticity with respect to tomorrow's expected rate (i.e. the tendency to exploit arbitrage opportunities over the maintenance period) improves, co-movements between today's effective rate and revisions in policy expectations strengthens.
As the partial interest elasticity with respect to today's rate increases, comovement between today's effective rate and revised target expectations deteriorates. In other words, keeping the size of arbitrage adjustments (i.e. the size of rightward demand shift) constant, as the demand curve flattens, changes in equilibrium interest rate diminishes (in the extreme case of (continued) horizontal demand, an increase in the expected target rate leads to a rightwards shift in the demand curve, which moves each point proportionally to the right, leaving the equilibrium interest rate intact).
Equilibrium Interest Rate on the Day of Target Change
Equilibrium interest rate on the day of a target change is derived in a similar manner by setting (1-2)=(2) and substituting (5) for the expected funds rate.
Going back to Figure 2 , the term ) ( 
where a f refers to the equilibrium interest rate that would occur if the Desk did not counteract anticipated demand.
Equation (7) points out that on the day of the target change, the gap between the effective funds rate and the new target rate can stem from three reasons: (i) forecast errors regarding the size of the target change, i.e. the "unanticipated component", (ii) the market's relative potential to exploit arbitrage opportunities (the size of this term increases with transaction costs and high penalties associated with overnight overdrafts) and (iii) the gap arising from the Desk's efforts to maintain the effective rate at the existing target level, i.e. "interest rate smoothing." Note that the third term drops under the extreme case of no interest rate smoothing.
As we substitute (7) in (1-2) and set (1-2)=(2), we get the following expression for the funds rate on the day of a target change:
Next, we investigate the analytical properties of the equilibrium funds rate via comparative static analysis.
Comparative Statics based on Equation (8)
Partial Derivative
Ceteris paribus, the larger is the unanticipated target change, the larger are the adjustments in the effective funds rate on the day of target change.
As the partial interest elasticity with respect to tomorrow's rate improves, co-movement between the effective rate and unanticipated target changes strengthens since the market acts more aggressively to exploit arbitrage opportunities.
4.2 0 ) (
As the partial interest elasticity with respect to today's rate increases, co-movement between today's effective rate and unanticipated target changes goes down.
Ceteris paribus, the larger is the gap between the anticipated target rate and the effective funds rate prior to a change, the larger is the interest rate adjustment on the day of announcement. 6 0 ) (
Ceteris paribus, the larger is the anticipated target change prior to the announcement, the smaller is the adjustment in the effective funds rate on the day of target change.
As interest rate smoothing increases, the negative relationship between the anticipated target changes prior to an announcement and adjustments in the effective rate on the day of announcement weakens. This is because less interest rate adjustments take place in response to anticipations under stricter smoothing regimes.
Equilibrium Level of Reserves
The equilibrium level of reserves prior to a target change can be derived by first substituting (6) into (5) to obtain the expected equilibrium interest rate:
. This step provides us with an expression that is a function of lagged reserves, the lagged funds rate, the anticipated target change, and the existing target rate. We then substitute
into (2) to obtain the equilibrium level of reserves prior to a target change. 9 The equilibrium level of reserves on the day of a target change (and after the target change)
are obtained in a similar manner. At this point, it is essential to recall the time-varying nature of parameter β , which goes down on the day of announcement as the motivation to counteract anticipated demand diminishes. In the limit β approaches zero, as In order to carry out an empirical investigation of the anticipation effect, we need a measure of expectations of Fed policy actions. Kuttner (2001) describes a convenient way to compute an estimate of the policy surprise based on the price of federal funds futures contracts. Here, the key idea is that the spot rate for federal funds futures contract on a particular day t reflects the expected average funds rate for that month, conditional on the information prevailing up to that date. 10 Based on this fact, and knowing that the effective funds rate as a monthly average is very close to target rate (typically within a few basis points), the spot-month futures rate on any day k prior to a target change can be expressed as:
where b N is the number of days before a target change, a N is the number of days after a target change, and
is the total number of days in a given month.
Assuming that the target change occurs on day τ , the spot rate on the day of target change is given by:
9 Algebraic expressions for the equilibrium level of reserves and the expected funds rate are available from the author upon request. 10 Naturally, this measure presumes that market participants are aware of the target change. If the market participants were unaware that the target has changed, expectations would not necessarily reflect the changes in the policy instrument. Empirical evidence suggests that the market was aware of interest rate targeting policies as early as 1989, which is the starting year of our sample period (see e.g. Demiralp and Jorda (2001) , Poole, Rasche and Thornton (2001) ).
Consequently, as we compute the difference between the spot rates prior to and after the target change i.e. (12)- (11) where
Specification (13) is used to compute the policy surprise on any day k prior to a target change (i.e. τ < k ), except for two cases:
1. Kuttner (2001) argues that the market funds rate does not change until the day after a target change. Consequently, if the target change occurs on the last day of month, it would have no effect on that month's spot rate. In this case, the difference in one-month forward rates gives us the policy surprise since the one- 
If the number of days in the forecast horizon is equal to (or greater than) the day of the month in which the target changes, we need to use the one-month forward rate from the previous month to assess market's expectations on day k. For instance, if we wish to compute the unanticipated policy change five days prior to a target change and if the target change occurs on the second day of the month, we need to look at the one-month forward rate on day k=N-3 of the previous month, and the spot rate on day 2 of the current month to compute the unanticipated policy change. That is: However, very few adjustments take place after the announcement in the post-1994 period, as policy surprises declined significantly, providing strong evidence of the anticipation effect replacing the announcement effect. Consistent with this finding, the timing of open market operations have also been delayed until the second week following the target change. This is because the Trading Desk has the opportunity to wait for the market to adjust with new information, before it alters reserve pressures consistent with the new target.
Empirical Analysis
Historical Behavior of Policy Surprises
Our first exercise is to investigate how well the policy actions were anticipated prior to a target change. To that end, we first compute the unanticipated policy surprises on the day before a target change. Our sample covers the period from May 17, 1989
through September 5, 2001.
A priori, we expect the public's readings of Fed actions to improve significantly in the post-1994 period, consistent with the enhancements in transparency. Table 2 provides the descriptive statistics for unanticipated target changes. The sample is broken into two time periods, prior to and after February 1994. Each time period is further separated according to the direction of the policy action. The period prior to February 4, 1994 consists of 25 target easings. The period after February 1994 contains 14 policy tightenings and 13 policy easings. As we compare the sample means for these periods, we observe that unanticipated policy actions decreased significantly on average in the later sub-sample. In particular, while we reject the hypothesis of zero mean for the period before 1994, sample means are not significantly different than zero for the later sub-samples. Furthermore, the results from the Q-tests up to three lags suggest that policy surprises appear to be a Gaussian white noise process in the post-1994 period, whereas we reject that hypothesis for the pre-1994 sample.
Our next goal is to investigate the "evolutionary process" in the formation of expectations in the days leading to a target change. Intuitively, we would expect the unanticipated component to decline gradually, as the market continuously updates its expectations with incoming data. To that end, we compute the anticipated and unanticipated target changes up to eleven days prior to a target change. Figure 3 presents our estimates for sample averages. The horizontal axis shows the forecast horizon. The first observation starts from -11, which reads as "day t-11 prior to a target change that takes place on day t." Similarly, the last observation (-1) reads as "day t-1 prior to a target change that takes place on day t." Not surprisingly, the unanticipated component declines in a step-wise fashion in the period before 1994. While this overall pattern is also valid for the post-1994 period, the marginal step sizes are rather small. This is because the market is able to forecast the size of a target change more accurately and far earlier in this period, where additional information on each successive day is rather small (see Lange, Sack, Whitesell (2001) or Poole, Rasche, Thornton (2001) for analyses on how far in advance the market knew a policy action would be taken).
In order to provide a more exhaustive exploration of the time series properties of improvements in expectations, we look into the relationship between the unanticipated policy surprises and a time trend. Because there is not an obvious choice for the forecast horizon, we pick the end points and the middle point from the range of estimates that we have computed in Figure 3 . Next, we regress the unanticipated policy surprise as a ratio of the actual target change onto a constant, a time trend (with an interactive dummy for the post-1994 period) and a dummy for inter-meeting policy changes for the post-1994
period.
14 Because we solely focus on the days around target changes, the dependent variable is never zero and we can estimate this specification with ordinary least squares, as specified in equation (14):
Equation (14) is estimated for the non-negative values of the dependent variable, which excludes forecast errors due to over-prediction. This way, we can interpret the lower values of the dependent variable as improvements in the accuracy of forecasts (or declines in the forecast error). If the public's assessments of the policy actions have indeed improved over time, then policy surprises should diminish in due course and display a negative relationship with a time trend. Table 3 exhibits the regression results.
The sample period includes a total of 52 target changes. The sample size for each equation indicates the number of available observations, after taking out those 14 The "inter-meeting" dummy tracks target changes that took place between the regularly scheduled FOMC meetings. Theoretically, while the Fed could still "surprise" the market by intervening at "unexpected times" in the period prior to1994, target changes were not as regularly scheduled around the FOMC meetings and it would be less trivial to determine when a "surprise action" took place. For that reason, we only have an inter-meeting dummy for the post-1994 period when the Federal Reserve started its practice of announcing target changes immediately after the FOMC meetings.
observations where the predicted policy move was larger (in absolute value) than the size of the actual target change. Notice that the forecast error due to over-prediction increases over time, indicated by the gradual decline in the sample size as we approach the day of policy action. The significant negative coefficients associated with the trend variable provide evidence that policy surprises declined sharply through time in the post-1994
period. In other words, the public's readings of the Fed's policy actions improved drastically in the post-1994 period, which is reflected in expectations as early as ten days prior to a target change. Meanwhile, if the economic and financial conditions change rapidly, and the right policy move involves taking unexpected action, policy makers can do so through an inter-meeting announcement, since the unanticipated target change significantly increases whenever there is an inter-meeting move.
Response of the Funds Rate to Expected Policy Changes
After documenting evidence of improved policy expectations in a historical perspective, our next goal is to find out whether this structural change in expectations is reflected in the funds rate prior to a policy announcement. To that end, we regress changes in the funds rate onto anticipated policy actions and revisions in anticipated actions. In order to control for interest rate fluctuations that may arise due to changes in balance requirements, we add the volume of required operating balances (i.e. the sum of required reserves and required clearing balances) into the regression equation.
In order to capture the week of the maintenance period effects, we also add a dummy variable which controls for target changes that take place within the first week of the maintenance period. Everything else remaining the same, if interest rate changes arise from the motivation to exploit arbitrage opportunities, then the size of adjustments should be larger when the target change occurs earlier in the maintenance period. This is because the prospects for intertemporal substitution improve when there are more days until the end of the maintenance period, following the policy action. 15 Meanwhile, banks have a general preference for holding higher excess reserves late in the period to avoid end-of-maintenance-period fluctuations. This incentive puts an upward pressure on reserve demand late in the maintenance period, independent of any anticipated policy move. Together, these two factors reinforce each other following a target cut, and generate a net increase in demand in the second week of the maintenance period.
However, they move in opposite directions following a policy tightening.
This set of independent variables leads to the following regression equation:
where FFR k is the federal funds rate on day k of the maintenance period, OB k is the volume of operating balances on day k of the maintenance period, and D MP is the dummy variable that is equal to one for the first week of the maintenance period.
Equation (15) is estimated for three different time frames, using business day data. First, we look at the five-day change covering days t-11 through t-6 prior to a target change. This period is indicated as "B-10" (ten days before) in the regression results in Table 4 . Next, we look at the five-day change covering days t-6 through t-2 prior to a target change, indicated as "B-5" (five days before). Finally we look at the one-day change in the funds rate on the day before the actual change takes place, covering days t-2 through t-1. Table 4 highlights that none of the sample periods display any adjustments in the ten-day period prior to a target change. This could arise from limited intertemporal substitution opportunities across maintenance periods due to restrictions involved in carryover allowances. 16 Alternatively, it could reflect firmer Desk behavior since worries against strict interest rate smoothing (due to instability generated by the funds rate fluctuations right before and after a target change) are not quite applicable in the ten-day period before a change.
In the period prior to February 1994, the funds rate adjusted to revisions in expectations in the five days prior to an anticipated policy action, where the magnitude of the adjustment is very close to its theoretical value of one ( 26 .
). This result is consistent with Orphanides's remark that the Desk may relieve its interest rate smoothing policy right before a target change in order to prevent larger fluctuations after the 16 Certain rules define and limit the carryover privilege. The maximum allowable carryover is defined as the greater of either an amount ($50,000) or a percentage (four-percent) of the total requirement less the clearing balance allowance, if applicable.
announcement. In other words, the Desk allows the funds rate to decline with anticipation prior to a policy easing, rather than "leaning against the wind." Similar adjustments are observed in the period after 1994. The funds rate adjusts within the week before a policy tightening, proportionally to the level of anticipated policy change
Further adjustments take place on the day before the announcement ( 96 . 0 1 = β ). While both of these samples exhibit interest rate adjustments in the five-day period prior to an anticipated policy move, the adjustments are not sensitive to whether the policy action takes place in the first or the second week of the maintenance period.
This implies that banks rely on reserve adjustments as well as carryover transfers across maintenance periods interchangeably, in response to an anticipated policy action in the next week.
For the anticipated target easings, the decline in the funds rate on the day before a policy action becomes more noticeable as the size of revisions goes down. This is an interesting result in the sense that more than half of this sub-sample covers the easing cycle in 2001, a period when the market's ability to predict forthcoming policy moves improved dramatically. In this era, market rates incorporate future policy actions far in advance (see e.g. Lange, Sack and Whitesell (2001) , Poole, Rasche and Thornton (2001)) and the funds rate declines significantly on the day before a widely anticipated policy cut.
The greater the market confidence about the size of the anticipated policy action (i.e. the less negative the revisions in anticipated change), the larger is the size of the decline in the funds rate on the day before the policy move.
Different than the other sub-samples, the funds rate does not adjust with expectations in the week prior to an anticipated policy easing, even though the market confidence about the accuracy of expectations improved markedly in recent years. The likely factors that might contribute to this type of behavior are twofold: If it is a demanddriven behavior, it could reflect the reserve managers' reluctance to reduce reserve holdings in the week prior to a well anticipated policy easing, in order to avoid potential overdrafts in the presence of low reserve requirements. If it is a supply-driven behavior, however, it could reflect an increased strictness on the Desk's side in maintaining the funds rate at the current target. Alternatively, it could be a mixture of both factors.
If the target cut occurs within the first week of the maintenance period, depository institutions have a wider window to move their reserve balances across the maintenance period. Ceteris paribus, this would indicate larger interest rate adjustments consistent with improved arbitrage opportunities. The positive sign associated with the maintenance period dummy for anticipated target cuts indicates that the funds rate declines less on the day before the anticipated easing, if the policy action occurs in the first half of the maintenance period. This result could arise from lack of variation in a small sample, as there are only four policy easings that took place within the first week of the maintenance period (out of 12 policy easings since February 1994). Alternatively, it could arise from the reluctance of reserve managers in reducing reserve holdings in the first week of the maintenance period, for the reasons discussed in the previous paragraph. If this is the case, then demand would decline less prior to a target cut when the policy easing occurs in the first week of the maintenance period. An alternative factor could be related to banks' preference for holding higher excess reserves late in the maintenance period. If the Desk pursues a stricter policy within the first week of the maintenance period, but follows a more lenient approach in the second week to avoid end-of-maintenance-period fluctuations, demand shifts would be offset more aggressively within the first week, and hence the funds rate would decline less prior to an anticipated easing.
Open Market Operations After a Target Change
The anticipation effect theory indicates that the Trading Desk adjusts reserve pressures promptly after a target change so that the credibility of the policy announcement is well established. While the magnitude of necessary reserve adjustments is the same under the traditional liquidity effect and the anticipation effect channels, the timing of these operations may differ. The liquidity effect theory necessitates an Based on the duration of each transaction, open market data can be classified as permanent, temporary, and overnight operations, which can then be grouped according to whether the operation injects or drains liquidity. For the purposes of equation (16), we define Easing Operations as the sum of overnight repurchase agreements, term repurchase agreements, and domestic outright purchases of Treasury bills and coupon securities, which all add to reserves. Draining Operations are defined as the sum of overnight matched sale purchase agreements, term matched sale purchase agreements, and domestic outright sales of Treasury bills and coupon securities (see Feinman (1993) or Edwards (1997) for a detailed discussion of different types of open market operations).
Following Demiralp and Jordá (2000) , we also include maturing term repurchase agreements that spill over multiple maintenance periods in this category because these operations have a draining effect on reserves a t their expiration. The data is further adjusted to obtain the reserve impacts of each transaction, following the transformation technique described by Feinman (1993) . We exclude operations based on foreign assets since the Desk does not use foreign securities for domestic operations.
Equation (16) market purchases are the direct means to ease reserve pressures in the market, the Desk can also provide the same "easing effect" indirectly, by reducing the size of sale operations to reinforce a target cut. In order to control for these alternatives, we include both types of operations in the specification. Similar to the previous specification, we estimate equation (16) at different time intervals: on the day of a target change (day t), the day after the target change (day t +1), five-day period from day t +1 through t +6, and the five-day period from day t +6 through t +10. In contrast, when we look at the policy tightenings in the post-1994 period, we note that open market operations were not significant until the ten-day period following the target change. Clearly, the Desk allows market rates to adjust with the announcement in the week following the policy action in this period. In the second week, the Desk relies on both types of operations to drain reserves. Specifically, in order to provide, say, of needing to add reserves on a temporary basis. This is because the Desk does not want to drain reserves during periods where low operating balances might lead to late day firmness in the money market and also because there has been an increasing demand for currency over a historical time frame (see e.g. Cohen (1997 ), Hilton (1999 ). The results for post-1994 policy easings further reinforce these findings where the Desk reduces 17 Open market operations are expressed in millions of dollars. 18 Note that a $6.25 billion increase in reserves is equivalent to an overnight purchase of $6.25× 14=$87.5 billion, conducted on a Monday (or any other weekday other than Friday).
draining operations drastically within the two weeks following a target cut. Our results also indicate that required operating balances increase significantly in the five-day period following a target cut in the post-1994 period. In particular, a full percentage point decrease in the federal funds rate target is associated with a $2.93 billion increase in operating balances. This may arise from an increase in liquid deposits due to a decline in the opportunity cost of holding money in the presence of lower interest rates.
Term Structure prior to a Target Change
In the remainder of this paper, we analyze how the rest of the term rates react to target changes prior to and following a policy move. To that end, we first investigate the response of term rates to anticipated policy actions prior to a policy move. Equation (17) is estimated for a wide maturity of Treasury securities: 3-month, 6-month Treasury bills, 2-year, 3-year, 5-year, 7-year, and 10-year Treasury notes, and 30-year Treasury bonds:
Here, TR k denotes the relevant rate on the Treasury security on day k, where k<t ( i.e. prior to a target change that takes place on day t), obtained from the Federal Reserve H.15 release. Table 6 presents the regression results. The results display an overall coherence in the behavior of the funds market and the rest of the financial markets. Recall from Table 4 that in the period prior to 1994, the funds rate adjusted to revisions in expectations in the week before an anticipated easing. Treasury rates adjust in the same manner to revisions in expectations. However, the adjustments take place as early as two weeks prior to the anticipated change and they carry on until the day before the policy move.
The overall increase in the values of 2 R for the post-1994 tightenings (relative to pre-1994 period) provide strong evidence of the increasing role of expectations in the last decade. For this sample, term rates appear to adjust with anticipated target changes in the ten days prior to a policy move. Further adjustments with revisions take place in the following week. Meanwhile long-term maturities (three years and more) decline within the week prior to an anticipated tightening.
As for the post-1994 easings, short-term rates respond to anticipated or revised target changes positively for shorter maturities, although the explanatory power is not very strong. Long-term maturities do not respond to any anticipated policy change. We believe that this result arises from the fact that most of this sample corresponds the easing cycle in 2001, where the gradual trend towards transparency has reached its peak. In this environment, it is more likely to expect that term rates incorporate future policy changes at least a few months in advance, consistent with the autoregressive nature of policy changes and improvements in transparency (see Lange, Sack and Whitesell (2001) , Poole, Rasche and Thornton (2001) ).
Term Structure after a Target Change
Our final test investigates the term structure following a target change. To that end, we estimate equation (18) for the same set of Treasury securities described in equation (17).
TR t+i indicates the relevant rate on the Treasury security on day t+i (i.e. i days after the target change that takes place on day t).
Equation (18) is similar in structure to Cook and Hahn (1989) and Kuttner (2001) where the change in the term rate is regressed on the two components of a target change. Table 7 exhibits the estimation results. Once again, the results are highly consistent with the anticipation effect. Most rates respond to anticipated and unanticipated target changes on the day of the policy action in the period prior to 1994. Kuttner (2001) reckons that the anticipated component may be significant because it may release unanticipated information regarding future policy moves. Poole, Rasche and Thornton (2001) take an alternative view and show that this result disappears once they control for discount rate changes. The authors highlight the fact that there were very few occasions where the funds rate target and the discount rate were changed simultaneously in the pre-1994 period. As a result, the market received additional "unanticipated" information when the discount rate was changed together with the funds rate target.
Another common finding in the literature, which is also supported by our results is that the term rate response declines as the maturity lengthens. This behavior may reflect the market's perception that policy changes prevail for a relatively short period of time, after which the policy cycle reverses itself.
In the post-1994 period, very few changes take place due to the anticipated component, since most adjustments occur prior to the announcement consistent with our earlier results. Note that for all sub-samples, the coefficient values associated with the unanticipated target changes are generally less than one. Kuttner (2001) describes this empirical observation with his "timing hypothesis." Accordingly, if the target changes take place at regular FOMC meetings, then the market's response is weaker, as long as these changes follow the same general direction of previous policy moves. This is because the forecast error associated with these changes may indicate a misprediction regarding the timing of the target change, although that policy action may have been widely expected to occur sometime in near future. Since the majority of our sample consists of target changes that took place at regularly scheduled meetings (there are only 4 inter-meeting changes in the post-1994 period), the timing hypothesis seems to be the underlying factor that accounts for our results.
Following a policy tightening, short-term maturities increase proportionally to the unanticipated component on the day of announcement in the post-1994 period.
Maturities that are seven years or longer exhibit a negative response in the five-day period following a target change, which reverses itself almost completely in the following week. For the post-1994 period of policy easings, short-term rates respond only to the unanticipated component on the day of the announcement. Meanwhile the thirty-year rate responds negatively to the unanticipated component, which could arise from a
Fisher-type response due to longer-term concerns regarding the effects of monetary policy on future inflation rates.
Conclusion
This paper has explored the manner in which recent institutional changes in the Federal Reserve's operating procedures altered the traditional monetary transmission mechanism. In particular, we focused on two elements: the transmission of policy expectations to the overnight rates, and the transmission of policy expectations to the term structure. The conventional view relies on the liquidity effect to explain how open market operations affect the overnight rate, without considering the role of anticipated policy moves in affecting interest rates. In this paper, we highlighted the historical steps towards transparency, which created an essential link between policy expectations and financial markets. We expanded the existing theoretical literature to derive testable implications of the anticipation effect.
Our empirical results provide strong evidence that by maintaining a persistent trend towards transparency and gradualism, the Federal Reserve has drastically improved its ability to control interest rates in the last decade. By affecting policy expectations prior to a policy move, the Fed can (and does) not only influence interest rates before the actual policy action but it also "surprises" the markets by an unanticipated policy announcement whenever an immediate intervention is necessary. As transparency enhances credibility, the markets take the policy announcement of the change in the stance of policy at its face value and respond immediately, without waiting for accompanying reserve changes that follow the announcement. This instantaneous market response further stimulates the efficiency in policy making since the most immediate goals of the target change are put into action without any delay. 
Figure 2. Formation of Expectations in the Reserves Market
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Figure 3. Evolution of Expected Policy Actions
The vertical axis measures the anticipated and unanticipated target changes as an average over the sample period. The horizontal axis indicates the day in which expectations are formed. For example, the first observation (-11) reads as "day t-11 prior to a target change that takes place on day t." Similarly, the last observation (-1) reads as day t-1 prior to a target change that takes place on day t." POST 94 UNANTICIPATED TIGHTENING -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0.32 (8.88)** (-3.62)** (3.53)** The first column reports the time period in each equation where B-10, B-5, and B-1 refer to the ten-day, five-day, and one-day periods prior to a target change and D refers to the day of the target change respectively. t-ratios are in parenthesis. ** (*) indicates significance at the 95% (90%) confidence level. The time periods D, A-1, A-5, A-10 refer to the day of, one-day after, five days after and ten days after a target change respectively.
"Easing Operations" are defined as the sum of overnight repurchase agreements, term repurchase agreements, and domestic outright purchases of Treasury bills and coupon securities.
"Draining Operations" are defined as the sum of overnight matched sale purchases, term matched sale purchases, and domestic outright sales of Treasury bills and coupon securities. In addition to these sale operations, we include term repurchase agreements that expire in that particular maintenance period as these operations have a draining effect on reserves.
Data for open market operations and operating balances are in billions of dollars.
t-ratios are in parenthesis. ** (*) indicates significance at the 95% (90%) confidence level. 
